The vitellogenin and apoVLDLII yolk protein genes of chicken are transcribed 1n the liver upon estrogenization. To get Information on putative regulatory elements, we compared more than 2 kb of their 5' flanking DMA sequences. Connon sequence motifs were found 1n regions, exhibiting estrogen-Induced changes 1n chromatin structure. Stretches of alternating pyrinidines and purines of about 30-nucleot1des long are present at roughly similar positions. A distinct box of sequence homology in the chicken genes also appears to be present at a similar position 1n front of the vitellogenin genes of Xenopus laevis, but 1s absent from the estrogen-responsive egg-wh1te protein genes expressed in the oviduct. In front of the vitellogenin (position -595) and the VLDLII gene (position -548), a DNA element of about 300 base-pairs was found, which possesses structural characteristics of a mobile genetic element and bears homology to the transposon-like V1 element of Xenopus laevis.
INTRODUCTION
The induction by estrogen of yolk protein synthesis 1n the liver of oviparous vertebrates provides an attractive model for the study of hormoneregulated and tissue-specific gene expression (1) (2) (3) (4) . The vitellogenin (Vtg) and apo Very Low Density Lipoproteinll (VLDLII) genes encode the major yolk protein precursors synthesized In chicken liver. Expression of these genes appears to be similarly regulated 1n many respects. Both genes are normally transcribed only 1n the liver of laying hens, but can be activated in the livers of roosters, Immature chicks or even 11-days old embryos by injection of estradiol (5) (6) (7) (8) . Induction of transcription Is very rapid and completely reversible. Transcripts from the genes appear within a few hours after estradiol administration and rapidly decline to undetectably low levels after hormone withdrawal (6, 9) . In addition, preferential stabilization of Vtg and VLDLII mRNAs by estrogen has been observed (9) .
Estrogen-induced expression of the Vtg and VLDLII genes In liver is as-sod a ted with structural changes In the chromatin encompassing these genes. Nuclease-hypersensitive sites, which are correlated with expression, appear In equivalent regions In front of both genes shortly after estrogen Induction (10) (11) (12) .
These common characteristics suggest that the genes might share similar regulatory sequence elements. The molecular organization and sequence of the 5'-end regions of the VLDLII (13, 14) and Vtg (11, 15, 16) genes have been described earlier.
In the present paper we compare more than 2 kb of 5' flanking DNA of both genes. These sequences and their homologies are discussed and compared to regulatory elements Identified 1n other systems.
MATERIALS AND METHODS DNA cloning and sequencing
Bglll-fragments of 2.0-and 3.0-kb, covering the VLDLII 5' gene region, were Isolated from X Charon4A clone 12 (see Ref. 13 and Refs. therein) and subcloned In pBR322. Sau3AI fragments of these subclones were cloned 1n phage M13mp9 (17) and sequenced according to the chain-termination method (18) . Sequences 1n the 2.0-kb Bglll fragment were partially determined by the sequencing strategy of Hong (19) , using randomly generated deletion mutants.
EcoRI-fragments of 0.6, 1.36, and 0.54 kb, covering the 5'-end region of the Vtg gene, were Isolated from X Charon4A clone 22 (20) . A 3.6-kb BamHI fragment, partially overlapping these fragments , was subcloned 1n pBR322 and digested with Sau3AI and PstI; the same holds for the 1.36-kb EcoRI fragment. Subsequently, all fragments were cloned Into the M13 derivatives mp8 and mp9 and sequenced. To determine sequences from both strands, short stretches of DNA were occasionally sequenced by the chemical modification procedure of Haxam and Gilbert (21) after 3'-or 5'-end-labell1ng of the appropriate fragments (see F1gs. 1 and 2). DNA sequence analysis
The nucleotide sequences were analyzed by using a two-dimensional dotmatrix program prepared by Dr. P. Terpstra 1n our laboratory as well as the program NAQ of the Protein Identification Resource system (22) .
RESULTS AND DISCUSSION
We have sequenced and compared 5'-flank1ng DNA of the chicken vitellogenin gene and the VLDLII gene, spanning the regions from positions -2030 Our data extend and correct sequences published by us and others (11, (13) (14) (15) (16) . By sequencing both strands, we can decide unambiguously between minor conflicts 1n the earlier data. One major discrepancy between the VLDLII sequence we report here, and that published by Hache £t ^1^ (14) Haelll site at -254, we Infer that our arrangement Is the correct one. Moreover, our sequence and arrangement agrees with the restriction map of the genoraic ONA determined by the other group (23) and ourselves (24) . A cloning artifact Is therefore excluded. As a consequence, some of the homology elements noted by Burch (11) special chromatin organization of these regions, we have analyzed and compared their nucleotide sequences.
Yl
In front of the Vtg as well as the VLDLII gene we find about 30-nucleotides long stretches of alternating pyrimidines and purines at roughly similar positions viz. -533 and -468, respectively (F1g. 3). Alternating pyrimidine/purine sequences may promote the Z-conformat1on of DNA (28) which prevents binding of nucleosomes (29) . Such sequences have a potentiating activity on transcription 1n which capacity they are found 1n the SV40 enhancer region (30) , which 1s essentially nucleosome-free (31) . Horeover, a 9-bp alternating pyrimidine/purine element has been found to be essential for transcription of the hunan metallothionein gene (32) . In addition to the alternating pyrimidine/purine sequences, the Vtg and VLDLII 5'-flank1ng regions contain other motifs which are reminiscent of enhancers. Firstly, four elements occur In the -190 to -350 region of the VLDLII gene which, 7 out of 8 nucleotides , match the SV40 enhancer core sequence (33) . Similarly, the Vtg gene 1s flanked by two segments matching the IgCjj (34) or IgCk (35, 36) enhancer core elements by 9 out of 10 positions. Secondly , multiple repeated sequences are present; two copies of a 10-bp repeat in front of the VLDLII gene and three (Im)perfect copies of a 12-bp repeat 1n front of the Vtg gene are most conspicuous. All elements discussed above are depicted in F1g. 3. The presence of several structural features which are attributed to potential enhancers 1n the regions of nuclease-hypersensitive sites may fit Into the modular structure proposed for enhancers (for a review see Ref. 37) . In this context, the elements found In front of the Vtg and VLDLII genes might have a role, although perhaps not an essential one , as modulators of a larger enhancer region regulating transcription.
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Distribution of putative estrogen receptor binding sites within the viteliogenin and VLDLII 5' flanking regions
The region around -600 of the Vtg gene, containing the estrogen-dependent hypomethylated Hpall site (38, 39) , has been Implicated 1n the estrogen induction of the gene (40) . In vitro DNAsel protection experiments have Indicated the sequence running from -621 to -597 as a possible target site for the estrogen-receptor (see also Fig. 4 ). This sequence segment overlaps the symmetrical element -GGTCANNNTGACC-which has also been found In front of the chicken VLDLII gene as well as In front of the four Xenopus laevis Vtg genes (41) , although positions and copy number differ even within the Xenopus Vtg gene family. Moreover, at position -587 to -604 1n the lower strand of the chicken Vtg gene, a sequence resembling the glucocorticoid response element Is located (42) .
In view of these data, we screened the DMA flanking the VLDLII gene for similarities to the -0.6 kb Vtg gene region. When the sequence of the proposed estrogen-receptor binding site was considered, only sequences of limited homology (624) were found, viz. at positions -1629 and -1452. However when we searched for subsets of the sequence more striking similarities were noticed. Two different decanucleotides, which 1n Vtg overlap and form part of the receptor binding site, are also found in front of the VLDLII gene.viz. at -2.3 kb where they are 8 bp apart (see Fig. 4 ). In both genes these sequences are adjoined by Inverted repeats. Interestingly, a sequence resembling the glucocorticoid-responsive element Is also present In the -2.3 kb VLDLII gene region In the same configuration as 1n the Vtg gene (see Fig. 4) .
A similar regulatory role of these sequences Is not excluded by their vastly different distances relative to their genes. Steroid-responsive elements generally have not been found at fixed positions In front of genes and have been located sometimes as far as 2.6 kb as observed for the rabbit uteroglobin gene (43) .
A sequence element conserved within the 5' flanking region of genes controlled by estradiol 1n liver Comparative analysis of the Vtg and VLDLII gene reveals a 20-nucleotide block of sequence horaology, lying In opposite orientation, within the -100 to -300 region (F1g. 5). We found a similar sequence 1n the Xenopus laevis vitellogenin genes (41) at corresponding positions. The derived consensus sequence contains a I0-nucleot1de motif that 1s perfectly conserved within the six yolk protein genes (see F1g. 5). However, this motif 1s absent from the egg-wh1te protein genes, which are also estrogen-responsive but only expressed In the oviduct, viz. the ovalbumin, ovalbumin-Hnked X and Y, conalbumin (44) , ovomucoid and the lysozyme gene, (Genbank, release 26.0). Nor 1s the element found 1n the liver-specific, but hormone-Independent albumin gene. This sequence element common to yolk protein genes forms the core of a block of homology between the chicken and Xenopus Al and A2 Vtg genes noticed earlier (41) . In that study, the homology between the chicken gene element and those of the Xenopus B genes ( at position -90) was rather poor. More consistent results are obtained with a sequence track around -200 of the B genes (see Fig. 5 ),y1eld1ng better homology to the chicken genes and to all four Xenopus genes as well.
In the chicken Vtg and VLDLII gene, this conserved element coincides with an expression-1Inked nuclease-hypersensitive site at position -120 and -270, respectively, suggesting a regulatory function. Since the conserved element flanks estrogen-controlled genes expressed 1n liver only.1t might Influence their expression 1n a tissue-specific manner. repeats, which In turn are flanked by s1te-spec1f1c three base-pair direct repeats(F1g. 6), a structure reminiscent of mobile genetic elenents. Interestingly, a transposon-Uke DNA element (V1 element) Interspersed 1n the Vtg locus of Xenopus laevis has recently been described (46) . Both chicken elements bear homology 1n structure, length of the direct repeats and sequence of the Inverted repeats to these V1 elements (F1g. 6).In Xenopus, seven copies of the V1 element are present near or 1n the Vtg genes whereas a total of about 7500 copies 1s dispersed throughout the genome (45) . We found no evidence for a multiple occurrence of these elements 1n the chicken genome, when Southern blots of cloned DNA containing sequences of the Vtg or VLDLII element were probed with nick-translated genomic DNA at low stringency (data not shown).
The transposon-11ke elements 1n chicken and Xenopus differ 1n length; however they share homologous nucleotide stretches up to 12 basepairs as 11 lustrated 1n F1g. 7 for the chicken Vtg and VLDLII genes and the Xenopus B2 gene. As yet we do not know the functional significance of these elements. However, the presence of a demethylation site (see above), the occurrence of direct and Indirect repeats and a sequence Identical to the enhancer core consensus (see Fig. 7 ) as well as the recurrence of the socalled recognition sequences TGTG/CACA and GAGA/TCTC (46) In the Inverted repeats bounding the elements (see F1g. 6), argue 1n favour of a possible regulatory role.
Our sequence analysis has uncovered a number of elements conserved In the estrogen-responsive genes expressed exclusively In liver. Their precise role In the hormone-and tissue-specific expression of these genes, which are transcribed at high frequency, has still to be established. The availability of the sequence makes direct studies of the significance and Importance of these elements, of their Interaction with factors, and of their possibly cooperative function possible.
